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Description
TECHNICAL FIELD

[0001] The present invention relates to a composition
for inhibiting the replication of hepatitis B virus.

BACKGROUND ART

[0002] MicroRNA (miRNA)is non-coding short RNA of
about 22 nucleotides and forms a complex with AGO
protein to serve as aregulatory factor for gene expression
primarily through degradation or translational repression
of mMRNA having a target sequence (Figure 1). During
the process of standard miRNA production, a primary
transcript containing hairpin structures, i.e., primary miR-
NA (pri-miRNA) is synthesized by transcription, as shown
in Figure 1. In the nucleus, Drosha, a kind of RNase I,
cleaves pri-miRNA at the basal part of each hairpin to
thereby produce precursor miRNAs (pre-miRNAs). The
thus produced pre-miRNAs are exported from the nucle-
us to the cytoplasm mainly by the action of Exportin-5,
and are cleaved with another RNase Ill, Dicer, to produce
double-stranded RNAs (miRNA duplexes) of 20 to 24
nucleotides. Each double-stranded RNA is incorporated
into Ago protein, and only one of its RNA strands forms
a stable complex with the Ago protein to form an RNA-
induced silencing complex (RISC). This single-stranded
mature miRNA finally serves as a guide for gene expres-
sion control, resulting in RNA degradation or translational
repression.

[0003] miRNAs were initially isolated as factors re-
quired for the growth of nematodes, but turned out to be
a ubiquitous mechanism in animals and plants including
humans as a result of further analyses. Moreover, many
reports have indicated that miRNAs also control the rep-
lication and pathogenicity of DNA and RNA viruses (Non-
patent Document 1: Jopling CL et al., Science 309,
1577-1581, 2005; Non-patent Document 2: Pedersen IM
et al., Nature 449, 919-922, 2007). Hepatitis B virus
(HBV)is classified as a DNA virus with an envelope struc-
ture, but synthesizes genomic DNA from pregenomic
RNA (pgRNA) by its own reverse transcriptase during
replication. Genomic DNA within HBV particles is a cir-
cular imperfect duplex and, after infection into hepatic
cells, is converted into covalently closed circular DNA
(cccDNA) in the nucleus to establish persistent infection.
HBV mRNAs and pgRNA are expressed from cccDNA.
Proteins such as viral antigens are expressed from HBV
mRNAs, while HBV pgRNA not only functions as mRNA,
but also serves as a source for virus capsid formation
and HBV DNA synthesis. It has already been reported
that HBV-derived mRNAs are targeted by host miRNAs
and their expression are suppressed (Figure 2, Non-pat-
ent Document 3: Zhang GL et al., Antiviral Res. 2010
Nov;88(2): 169-175). However, there has been no knowl-
edge of miRNAs which directly promote HBV replication.
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Prior Art Documents
Non-patent Documents
[0004]

Non-patent Document 1: Jopling CL et al., Science
309, 1577-1581, 2005

Non-patent Document 2: Pedersen IM et al., Nature
449, 919-922, 2007

Non-patent Document 3: Zhang GL et al., Antiviral
Res. 2010 Nov; 88(2): 169-175

[0005] WO 2017/190197 relates to artificial miRNA
(shmiRNA) used alone or in combination with additional
shmiRNA or shRNA for treatment of HBV infection.
[0006] WO 2012/024170 relates to double-stranded
nucleic acid molecules including small nucleic acid mol-
ecules, such as short interfering nucleic acid, short inter-
fering RNA, double-stranded RNA, miRNA, and short
hairpin RNA molecules that are capable of mediating or
thatmediate RNA interference against HBV gene expres-
sion.

[0007] WO 2017/205078 describes methods for treat-
ing HBV infections by administering an NS5A inhibitor,
NS5B inhibitor, NS3 inhibition, or combinations thereof.

SUMMARY OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0008] The object of the presentinvention is to provide
a composition for inhibiting the replication of hepatitis B
virus and a pharmaceutical composition for treating hep-
atitis B virus infection, each comprising a substance in-
hibiting the function of microRNA miR-4453.

[0009] As a result of extensive and intensive efforts
made to solve the problem stated above, the inventors
of the present invention have succeeded in inhibiting vi-
rus replication by inhibiting the function of microRNA
miR-4453, and have completed the present invention.

MEANS TO SOLVE THE PROBLEM

[0010] Namely, the present invention is as follows.
(1) Use of a composition comprising an inhibitory
substance against miR-4453 to inhibit the replication
of hepatitis B virus in vitro.

(2) The use according to (1) above, wherein miR-
4453 consists of the nucleotide sequence represent-
ed by GAGCUUGGUCUGUAGCGGUU (SEQ ID
NO: 1).

(3) The use according to (1) above, wherein the in-
hibitory substance is a nucleic acid including an an-
tisense oligonucleotide, siRNA, shRNA or a locked
nucleic acid, which inhibits the function of miR-4453.
(4) The use according to (1) above, wherein the in-
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hibitory substance is a nucleic acid including an an-
tisense oligonucleotide, siRNA, shRNA or a locked
nucleic acid, which targets the whole or a part of the
nucleotide sequence represented by GAGCUUG-
GUCUGUAGCGGUU (SEQ ID NO: 1).

(5) The use according to (1) above, wherein the in-
hibitory substance is a nucleic acid including an an-
tisense oligonucleotide, siRNA, shRNA or a locked
nucleic acid, which consists of the nucleotide se-
quence represented by AACCGCTACAGAC-
CAAGCTC (SEQ ID NO: 2).

[0011] The presentinvention also includes the follow-
ing inventions.

(6) A pharmaceutical composition comprising an in-
hibitory substance against miR-4453 for use in a
method of:

(i) treating hepatitis B virus infection; or

(i) treating or alleviating a disease caused by
hepatitis B virus infection, wherein the disease
is hepatitis B, hepatic fibrosis, chronic hepatitis,
cirrhosis or liver cancer. The patientis notlimited
to a patient infected with hepatitis B virus and
also includes a patient suspected to be infected
with hepatitis B virus.

(7) The pharmaceutical composition for use accord-
ing to (6), wherein the inhibitory substance is a gene
therapy agent.

(8) The pharmaceutical composition for use accord-
ing to (6) or (7), wherein miR-4453 consists of the
nucleotide sequence represented by GAGCUUG-
GUCUGUAGCGGUU (SEQ ID NO: 1).

(9) The pharmaceutical composition for use accord-
ing to (6) or (7), wherein the inhibitory substance is
a nucleic acid including an antisense oligonucle-
otide, siRNA, shRNA or a locked nucleic acid, which
inhibits the function of miR-4453.

(10) The pharmaceutical composition for use ac-
cording to (6) or (7), wherein the inhibitory substance
is a nucleic acid including an antisense oligonucle-
otide, siRNA, shRNA or a locked nucleic acid, which
targets the whole or a part of the nucleotide se-
quence represented by GAGCUUGGUCU-
GUAGCGGUU (SEQ ID NO: 1).

(11) The pharmaceutical composition for use ac-
cording to (6) or (7), wherein the inhibitory substance
is a nucleic acid including an antisense oligonucle-
otide, siRNA, shRNA or a locked nucleic acid, which
consists of the nucleotide sequence represented by
AACCGCTACAGACCAAGCTC (SEQ ID NO: 2).

EFFECTS OF THE INVENTION

[0012] The present invention provides the use of a
composition comprising a substance inhibiting the func-
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tion of microRNA miR-4453. The compositionis also use-
ful in the treatment of hepatitis B.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

Figure 1 shows the expression and function of mi-
croRNA (miRNA).

Figure 2 shows the DNA genome of HBV along with
RNA structures.

Figure 3 shows changes in miRNA expression levels
after HBV infection in vivo.

Figure 4 shows miRNA expression profiles in HBV
replication and infection in vitro.

Figure 5 shows the effects of selected miRNAs on
HBV in an in vitro model of HBV replication.

Figure 6 shows the effects of selected miRNAs on
HBV in primary human hepatocytes infected with
HBV

Figure 7 shows candidate targets of miR-4453 in
HBV RNA.

Figure 8 shows a model for miR-4453-mediated reg-
ulation of HBV replication.

Figure 9 shows the results obtained when pgRNA
stability was analyzed by Northern blotting tech-
niques in a condition where new RNA synthesis was
arrested with actinomycin D.

Figure 10 shows the test results of HBV replication
suppression with a mir-4453 inhibitor, miRIDIAN.
Figure 11 shows the test results of HBV replication
suppression with a mir-4453 inhibitor, S-TuD.
Figure 12 shows the test results of HBV replication
suppression with a mir-4453 inhibitor, S-TuD.
Figure 13 shows the results obtained when a mir-
4453 inhibitor was analyzed for its anti-HBV effect
in chimeric mice with humanized livers.

DESCRIPTION OF EMBODIMENTS

[0014] The present invention provides the use of a
composition for inhibiting the replication of hepatitis B
virus (HBV) in vitro, as well as a pharmaceutical compo-
sition for use in a method of treating HBV infection. The
present invention is based on the use of an inhibitory
substance against microRNA (miRNA) annealing to the
5’ epsilon signal sequence in the pregenomic RNA
(pgRNA) of HBV, i.e., an inhibitory substance against
miRNA activating protein production essential for HBV
replication or miRNA increasing the stability of pgRNA.
The miRNA is miR-4453. The inhibitory substance can
be used to inhibit the replication of HBV to thereby treat
or alleviate diseases caused by HBV infection.

1. Summary

[0015] MicroRNAs (miRNAs) have been widely known
to control the replication and pathogenicity of DNA and
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RNA viruses. Hepatitis B virus (HBV) is classified as a
DNA virus with an envelope structure, but synthesizes
genomic DNA from pregenomic RNA (pgRNA) by its own
reverse transcriptase during replication. Although sever-
al miRNAs have already been reported to suppress the
replication of HBV, the inventors of the present invention
have now identified miRNAs whose expression varies
predominantly upon HBV infection, among which miRNA
directly acting on HBV RNA to activate HBV replication
has been found. Moreover, the inventors of the present
invention have also found that this miRNA interacts with
an epsilon sequence essential for capsid formation and
DNA synthesis from pgRNA.

[0016] As to the finding that miRNAs positively act on
viral RNAs, the case of miR-122in hepatitis C virus (HCV)
has been known (Jopling CL, YiM, Lancaster AM, Lemon
SM, Sarnow P. Science. 2005 Sep 2;30(5740): 1577-81.
Modulation of hepatitis C virus RNA abundance by aliver-
specific MicroRNA), but this finding is a first for HBV An
inhibitor of this miRNA suppresses virus replication and
is therefore available for use as a novel therapeutic agent
for HBV infection.

[0017] Figure 2 shows the DNA genome of HBV along
with RNA structures. The DNA genome of HBV is 3.2 kb,
and five mMRNAs are expressed therefrom, as shown in
Figure 2. Among them, 3.5 kb pregenomic RNA (pgRNA)
functions as a template for HBV genomic DNA produc-
tion. Several miRNAs have been reported to suppress
HBV replication, but there has been found no miRNA
which targets HBV RNA to thereby enhance HBV repli-
cation.

[0018] pgRNA has two epsilon signal sequences at the
5’ and 3’ sides (Figure 8). In the present invention, it has
been found that virus replication is inhibited upon inhibi-
tion of miRNA binding to the 5’ epsilon signal sequence,
particularly miRNA binding to a sequence of at least 7
nucleotides in the conserved sequence in the 5 epsilon
signal sequence.

[0019] Thus, the present invention provides the use of
a composition comprising an inhibitory substance
against microRNA binding to the 5’ epsilon signal se-
quence in the pregenomic RNA of HBV, wherein the mi-
croRNA is miR-4453. The expression "inhibitory sub-
stance against microRNA" is intended to mean a nucleic
acid which forms base pairs with microRNA and thereby
inhibit the function of the microRNA.

[0020] The inventors of the present invention have
found that as an inhibitory substance against microRNA
(an inhibitory substance inhibiting the function of miR-
4453), for example, an antisense oligonucleotide, siRNA,
shRNA, or a single-stranded oligonucleotide containing
nucleotide analogs such as locked nucleic acid (LNA)
units causes inhibition of the miRNA function. To cause
inhibition of the miRNA function, an antisense oligonu-
cleotide, siRNA, shRNA or an oligonucleotide containing
LNA units may be used against miRNA binding to a seed
region sequence, particularly the conserved region in the
5’ epsilon signal sequence.
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[0021] miR-4453 binds to a sequence of at least 7 nu-
cleotides in the conserved sequence in the 5’ epsilon
signal sequence. An inhibitory substance against miR-
4453 may be exemplified by a nucleic acid (an antisense
oligonucleotide, siRNA, shRNA or LNA) having a nucle-
otide sequence complementary to the whole or a part of
the nucleotide sequence of miR-4453. Such an antisense
oligonucleotide, siRNA, shRNA or LNA is also herein re-
ferred to as an "inhibitor."

[0022] The conserved sequence of 7 nucleotides in the
5’ epsilon signal sequence in the above pregenomic RNA
is represented by "CCAAGCU" and an inhibitory sub-
stance against miR-4453, which comprises such a con-
served sequence, is, according to the invention, an in-
hibitor against miR-4453 (e.g., represented by GAGCU-
UGGUCUGUAGCGGUU (SEQ ID NO: 1)).

[0023] In the present invention, the nucleotide se-
quence of an inhibitor (e.g., LNA) is a complementary
sequence to the mature sequence of miR-4453, and its
length is not limited in any way but is, for example, 16 to
27 nucleotides, preferably 20 nucleotides. For example,
in the nucleotide sequence of LNA, at least one nucle-
otide may be an LNA monomer, or two or more nucle-
otides may be LNA monomers, and it is preferred in the
present invention that 20 nucleotides are LNA mono-
mers.

[0024] For example, the mature sequence of miR-
4453, and the nucleotide sequence of an inhibitor con-
taining LNA against the miR-4453 mature sequence are
shown below.

1. The mature sequence of miR-4453: GAGCUUG-
GUCUGUAGCGGUU (SEQ ID NO: 1)

2. The sequence of LNA against the mature se-
quence of miR-4453: AACCGCTACAGAC-
CAAGCTC (SEQ ID NO: 2)

[0025] The present invention relates to the use of a
composition for inhibiting HBV replication in vitro and a
pharmaceutical composition for use in a method of treat-
ing HBV infection, each comprising an inhibitory sub-
stance against microRNA binding to the 5’ epsilon signal
sequence in the pregenomic RNA of HBV, wherein the
microRNA is miR-4453. Diseases based on HBV infec-
tion include not only hepatitis B, but also HBV-associated
diseases such as hepatic fibrosis, chronic hepatitis, cir-
rhosis, liver cancer, etc.

[0026] The mode of administration for the composition
may be injection, as exemplified by standard systemic
administration via the intravenous or intraarterial route,
as well as topical administration via the intramuscular,
intraarticular, subcutaneous or intracutaneous route.
Further, the mode of administration using a catheter may
also be used. In this case, the composition is generally
provided in the form of a unit dose ampule or a multi-
dose container, and may be in powder form which is re-
constituted with an appropriate carrier, e.g., sterilized wa-
ter at the time of use.
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[0027] Inadditionto the injection mentioned above, the
mode of administration for the composition includes sup-
positories, administration through the nasal cavity or oral
mucosa, oral administration, etc.

[0028] Moreover, the above dosage forms may contain
additives commonly used in formulations. Such additives
include excipients, fillers, extenders, binders, wetting
agents, disintegrants, lubricants, surfactants, disper-
sants, buffering agents, preservatives, solubilizers, anti-
septics, correctives, soothing agents, stabilizing agents
and isotonizing agents, which are commonly used during
drug preparation. These additives may be selected as
appropriate for use in the preparation of the dosage forms
in a standard manner.

[0029] The dose will vary depending on the purpose
of treatment, the age of a subject to be administered, the
route of administration and/or the frequency of adminis-
tration, and may be changed within a wide range. The
amount of the nucleic acid contained in the pharmaceu-
tical composition for use according to the present inven-
tion may be determined as appropriate by those skilled
in the art.

[0030] Other methods for treatment include gene ther-
apy using a gene therapy vector designed to express
shRNA inhibiting the function of target miRNA.

[0031] A gene therapy vector may be obtained by in-
serting an inhibitory substance (DNA) such as the above
shRNA sequence into an appropriate vector. Vectors
used for insertion of an inhibitory substance are broadly
divided into non-viral vectors and viral vectors. For ex-

ample, non-viral vectors include vectors having
pCAGGS, etc.
[0032] On the other hand, viral vectors include, for ex-

ample, adenovirus, lentivirus and so on.

[0033] Kits for the use of viral vectors are commercially
available (e.g., Adeno-X Adenoviral System 3 (Takara
Bio Inc., Japan) and adeno-associated virus (AAV) vec-
tors (Applied Viromics)), and a viral vector may be readily
constructed.

[0034] A gene therapy vector may be introduced into
a patient with a HBV-associated disease by direct intro-
duction into the patient’s tissue, or alternatively, target
cells may be taken from such a patientand a gene therapy
vector may be introduced in vitro into these cells, which
may then be returned into the patient’s body.

[0035] Forexample, the effective dose of the pharma-
ceutical composition administered either alone or as a
combination with an appropriate diluent and a pharma-
cologically acceptable carrier is in the range of 10 mg to
200 mg per kg body weight per administration, which is
given at intervals of 1 week to 1 month.

[0036] The dose of a gene therapy virus may be ad-
justed as appropriate depending on, e.g., the stage, age
and body weight of a patient. For example, the effective
dose is 1 X 1012 to 2 X 1013 genome copies/kg. The
gene therapy virus may be administered at this dose once
to several times.
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EXAMPLES

[0037] The present invention will be further described
in more detail by way of the following illustrative exam-
ples. However, the scope of the present invention is not
limited by these examples.

EXAMPLE 1
1. Methods

[0038] Theinventors of the presentinvention used chi-
meric mice with humanized livers as an animal model of
HBYV infection. The HBV strains used as sources of in-
fection were the Ae_JPN strain of genotype A
(AB246338.1) and the C_JPNAT strain of genotype C
(AB246345.1). After 10 weeks of infection, RNAs were
prepared from the mouse livers and subjected to RNA-
seq analysis. As primary human hepatocytes, PXB cells
(PhoenixBio) were used. The miRNAs used were miRID-
IAN microRNA mimics (Dharmacon), and the miRNA in-
hibitors used were miRCURY LNA microRNA Power In-
hibitors (Y104104482) (Exiqon). For miRNA delivery to
the primary human hepatocytes, a multifunctional enve-
lope-type nanodevice (MEND) was used (Yamamoto N,
Sato Y, Munakata T, Kakuni M, Tateno C, Sanada T,
Hirata Y, Murakami S, Tanaka Y, Chayama K, Hatakeya-
ma H, Hyodo M, Harashima H, Kohara M. J Hepatol.
2016 Mar;64(3):547-55. Novel pH-sensitive multifunc-
tional envelope-type nanodevice for siRNA-based treat-
ments for chronic HBV infection). For HBV replication
analysis in cultured cells, HepG2.2.15-derived cells con-
stitutively expressing HBV were used. Moreover,
HepG2-hNTCP-C4 and HepG2-hNTCP-30 cells overex-
pressing hNTCP, which seems to be an HBV receptor,
were used in infection experiments. In pgRNA analysis,
the core protein of HBV was replaced with secretory lu-
ciferase, whereby a reporter not causing co-expression
of HBpol was used.

2. Results

[0039] As miRNAs whose expression significantly var-
ied upon HBV infection into the chimeric mice, three miR-
NAs (MIR663A (up), MIR210HG (up), MIR4453 (down))
were identified in genotype A, while three miRNAs
(MIR3648 (up), MIR663A (up), MIR4453 (down)) were
identified in genotype C (Figure 3). Among these miR-
NAs, MIR210HG has already been reported as miRNA
whose expression is increased in a manner dependent
on HBV replication and which targets HBV mRNA to sup-
press protein expression.

[0040] Figure 3 shows changes in miRNA expression
levels after in vivo HBV infection. Panels A to F are as
follows.

(A) Experimental schedule of HBV infection in chimeric
mice with humanized livers. (B) Quantification of HBV
RNA in chimeric mice infected with HBV (C and D) Vol-
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cano plots each showing miRNA expression quantified
by RNA-seq analysis. The X-axis represents the log val-
ue of change in expression, while the Y-axis represents
the negative log value of q value. Significant miRNAs (q
< 0.05) are plotted in red. The value of fold change was
scored as HBV genotype A/non-infected (C) or as HBV
genotype C/non-infected (D). (E and F) Log2 (fold
change) plots of miRNAs showing significant (q < 0.05)
change.

[0041] Secondly, fromthe cultured cell system for HBV
replication and infection, the inventors of the present in-
vention found that HBV-induced changes in the expres-
sion of miR-210-5p, miR-3648 and miR-4453 were the
same as those in the animal model (Figure 4).

[0042] Figure 4 shows miRNA expression profiles in
HBYV replication and infection in vitro. In Figure 4, panels
A to F are as follows.

(A) Cloning of HepG2.2.15-58 by limiting dilution. HBV
DNA titers were shown for the respective cell lines cloned
from HepG2.2.15. The position of HepG2.2.15-58 was
indicated with a circle. (B) HBV infection in HepG2-de-
rived cells ectopically expressing human NTCP. HepG2-
hNTCP-C4 and HepG2-hNTCP-30 were infected with
HBV atthe GEqg/cell ratios indicated, and HBV DNA titers
in the media collected every 7 days were quantified. Nor-
mal HepG2 cells were used as a negative control. (C, D
and E) The expression levels of miR-210-5p, miR-3648
and miR-4453 were compared between HepG2 and
HepG2.2.15-58 cells, between naive and HBV-infected
HepG2-hNTCP-C4 cells, or between naive and HBV-in-
fected HepG2-hNTCP-30 cells. The cells were inoculat-
ed with HBV at the genome equivalent (GEq)/cell ratio
indicated.

[0043] Further, as a result of examining the effects of
the above miRNAs on HBYV replication in HepG2.2.15-
derived cells, miR-4453 was found to have the function
of increasing the amounts of HBV DNA and HBs protein
(Figure 5).

[0044] Figure 5 shows the effects of selected miRNAs
on HBV in the in vitro model of HBV replication. In Figure
5, panels A to F are as follows.

(A to C) Gain-of-function analysis of miRNAs upon trans-
fection of exogenous miRNAs into HepG2.2.15-58 cells.
After miRNA transfection, the amount of HBV DNA in the
medium was quantified (A), and cell viability was meas-
ured in each transfection (B). HBs and actin (loading con-
trol) were also immunoblotted (C). (D to F) Loss-of-func-
tion analysis of miRNAs upon transfection of LNA inhib-
itors of miRNAs into HepG2.2.15-58 cells. After LNA in-
hibitor transfection, the amount of HBV DNA (D), cell vi-
ability (E) and the amount of HBs (F) were observed.
[0045] In analysis using an inhibitor of miR-4453, the
amounts of HBV DNA and HBs protein were reduced
conversely. Also, in the experiment of HBV infection into
PXB cells, miR-4453 was found to increase virus repli-
cation and the miR-4453 inhibitor was found to suppress
virus replication. Thus, the target of miR-4453 is deemed
to be a factor which plays an important role in HBV rep-
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lication.

[0046] Figure 6 shows the effects of selected miRNAs
on HBV in primary human hepatocytes infected with HBV
In Figure 6, panels A to | are as follows.

(A) Schematic diagram showing HBV infection into hu-
man primary hepatocytes (PHH). (B) The amount of HBV
DNA in the medium after infection. (C to E) Gain-of-func-
tion analysis of mMiRNAs upon transfection of exogenous
miRNAs into PHH. At 10 days after transfection, the
amount of HBV DNA in the medium (C) or in the cells (E)
was quantified, and cell viability was measured in each
transfection (D). (F to |) Loss-of-function analysis of miR-
NAs upon transfection of LNA inhibitors of miRNAs into
primary human hepatocytes (PHH). After 100 nM inhib-
itor transfection, the amount of HBV DNA in the culture
medium was quantified (F), and cell viability was meas-
ured in each transfection (G). As a positive control of
HBV replication inhibitor, IFN-A1 was added at 100
ng/mL. The amount of HBV DNA was also measured in
non-infected and HBV-infected PHH (H), and HBs and
actin (loading control) were immunoblotted under the
same conditions ().

[0047] To study the target of miR-4453 (Figure 6), the
same mechanism as for the effect of miR-122 on HCV
was first examined in terms of improved virus replication
to search for target sequence candidates in HBV-derived
RNA.

[0048] The results obtained are shown in Figure 7. Fig-
ure 7 shows candidate targets of miR-4453 in HBV RNA.
Panels A to F are as follows.

[0049] (A) Predicted miR-4453 binding sites in HBV
RNA. To identify miR-4453 binding sites, a RNA22v2 mi-
croRNA target detection program was used. miR-210-5p
has been reported to interact with HBV RNA. miR-122
and HCV RNA were used for validation of the program.
It should be noted that the nucleotide sequences of target
RNAs and miRNAs shown in panel A are set forth in SEQ
ID NOs: 3to 12. (B) Alignment of HBV epsilon (¢) regions
from five different genotypes. The miR-4453 seed match
sequence was shown in red. The EcoR1 restriction site
of X02763 (HBV genotype A) was used as +1 for num-
bering the HBV genome. It should be noted that the nu-
cleotide sequences of the epsilon regions shown in panel
B are set forth in SEQ ID NOs: 13 to 22. (C) Interaction
between miR-4453 and HBV RNA. RNA immunoprecip-
itation assay was performed with anti-Ago2 mAb on ex-
tracts from the miRNA-transfected cells indicated, and
co-precipitated HBV RNAs were quantified by qRT-PCR.
[0050] (D) miR-4453-induced enhancement of HBV
pgRNA reporter activity. An HBV pgRNA reporter, pH-
BV/Gluc, was transfected into HepG2 cells in the pres-
ence and absence of miR-4453, and the activity of se-
creted luciferase was measured. As a negative control,
pCMV/Gluc (Gluc expression is driven by a cytomegalo-
virus (CMV) promoter) was used. (E) Effects of miR-4453
binding site mutationsin e regions on the pgRNA reporter.
5¢ MT and 3’ MT represent point mutations inthe 5’UTR
and 3’'UTR eregions, respectively. The miR-4453 binding
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site in 5’¢ is required for enhancement of the pgRNA re-
porter. (F) Effects of miR-4453 binding site mutations in
epsilon regions on HBV capsid formation. The infectious
titer of the HBV reporter is measured by the activity of
secreted luciferase. There was no difference between
5’¢ and 3’e mutations.

[0051] The results of Figure 7 indicated that a miR-
4453 target candidate sequence allowing theoretically
most stable binding was present in the epsilon signals
conserved in all genotypes and essential for HBV capsid
formation and DNA synthesis (Figure 7A, 7B). Then, RNA
immunoprecipitation analysis with an antibody against
Ago2 was performed, thus indicating that HBV RNAs and
miR-4453 interacted with each other (Figure 7C).
[0052] Moreover, for study of how miR-4453 would ac-
tivate virus replication, the inventors of the present in-
vention performed pgRNA reporter analysis, and miR-
4453 was found to increase luciferase activity independ-
ently of HBpol (Figure 7D). Since this reporter contains
two epsilon signals, mutations were introduced into miR-
4453 target candidate sequences in these two epsilon
signals and pgRNA reporter analysis was also repeated,
thus indicating that the miR-4453-dependent increase in
luciferase activity disappeared in a mutant of the 5’ ep-
silon sequence (Figure 7E). It was therefore suggested
that miR-4453 would bind to the 5’ epsilon signal in HBV
pgRNA to thereby activate HBV translation or increase
pgRNA stability. The miR-4453 binding sequence mu-
tants in the epsilon signals were found not to affect the
formation of virus particles (Figure 7F). Namely, the high-
er order structure of each epsilon would not be greatly
changed even when a mutation is introduced.

3. Discussion

[0053] As to the finding that miRNAs positively act on
viral RNAs, the case of HCV and miR-122 has been
known, but this finding is a first for HBV (Figure 8).
[0054] Figure 8 shows a model for miR-4453-mediated
regulation of HBV replication.

[0055] HBV pgRNA has two epsilon signals, and the
epsilon located in the 5’UTR is targeted by miR-4453,
which in turn enhances HBV replication by activated
translation from pgRNA or stabilization of pgRNA. HBV
replication causes the down-regulation of miR-4453 ex-
pression and shows a negative feedback loop. However,
HBYV replication is still maintained by a low level of miR-
4453,

[0056] An inhibitor of miR-4453 suppresses virus rep-
lication and is therefore expected to lead to the develop-
ment of a new therapy for HBV infection, as in the case
of miravirsen (miR-122 inhibitor, serving as a therapeutic
agent for HCV infection) (Lanford RE, Hildebrandt-Erik-
sen ES, Petri A, Persson R, Lindow M, Munk ME, Kaup-
pinen S, Jrum H. Science. 2010 Jan
8;327(5962):198-201. Therapeutic silencing of microR-
NA-122 in primates with chronic hepatitis C virus infec-
tion). In the case of miR-122, there have been proposed
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a mechanism acting on HCV RNA stability and a mech-
anism contributing to translation from HCV RNA. Accord-
ing to functional analysis, miR-4453 may also have these
two mechanisms.

EXAMPLE 2

About mechanisms

[0057] Since miR-4453 was found to target the 5’ ep-
silon in pgRNA, the inventors of the present invention
analyzed the behavior of 3.5 kb pgRNA by Northern blot-
ting. As a result, it was found that in HepG2.2.15 cells
where HBV constitutively replicates, the amount of
pgRNA was increased upon addition of miR-4453 while
the amount of pgRNA was reduced upon addition of an
inhibitor of miR-4453. In addition, the inventors of the
present invention analyzed pgRNA stability by Northern
blotting in a condition where new RNA synthesis was
arrested by addition of actinomycin D to the culture sys-
tem. As a result, it was found that pgRNA stability was
increased in a manner dependent on miR-4453 (Figure
9).

About the effects of different miR-4453 inhibitors

[0058] Inthe previous analyses with a miR-4453 inhib-
itor, the inhibitor available from Exigon was used to study
the effect on HBV With the aim of eliminating the possi-
bility that the inhibitory effect on miR-4453 is specific for
the Exiqon’s product, the inventors of the present inven-
tion performed the same inhibition experiment using dis-
tinct types of miR-4453 inhibitors. First, a miRIDIAN mi-
croRNA Hairpin Inhibitor available from Dharmacon was
used for analysis in HepG2.2.15 cells, and this miR-4453
inhibitor was found to suppress HBV replication in a con-
centration-dependent manner, as in the case of the pre-
vious analyses (Figure 10). Further, another miRNA in-
hibitor S-TuD commercially available from SIGMA was
used to repeat the same experiment, and the concentra-
tion-dependent suppression of HBV replication was ob-
served in HepG2.2.15 cells (Figure 11). The miR-4453
inhibitor S-TuD was also found to suppress HBV replica-
tion in an infection experiment using HepG2-hNTCP-30
cells. Moreover, this inhibitor was found not to affect cell
viability (Figure 12). These results indicated that three
distinct types of miR-4453 inhibitors suppressed HBV
replication.

About analysis of the effect of a miR-4453 inhibitor in an
animal model of HBV infection

[0059] Using chimeric mice with humanized livers, an
experiment was performed to examine whether a miR-
4453 inhibitor had an anti-HBV effect during persistent
infection of HBV Chimeric mice in which persistent infec-
tion was established after 10 weeks had passed since
HBYV infection were administered with the inhibitor (Ex-
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igon) and measured over time for the amount of HBV
DNA in their sera. As a result, comparison between the
control group and the miR-4453 inhibitor-receiving group
at 14 days after administration indicated that the amount
of HBV DNA was significantly reduced by the action of
the miR-4453 inhibitor. On the other hand, both groups
showed no change in human serum albumin level or body
weight (Figure 13). Thus, the miR-4453 inhibitor was
shown to have an anti-HBV effect not only in the cultured
cell system but also in the animal model of HBV infection.

Sequence Listing Free Text

[0060]

SEQ ID NOs: 1 and 3 to 12: synthetic RNAs
SEQ ID NOs: 2 and 13 to 22: synthetic DNAs

Claims

1. Use of a composition comprising an inhibitory sub-
stance against miR-4453 to inhibit the replication of
hepatitis B virus in vitro.

2. The use according to claim 1, wherein miR-4453
consists of the nucleotide sequence represented by
GAGCUUGGUCUGUAGCGGUU (SEQ ID NO: 1).

3. The use according to claim 1, wherein the inhibitory
substance is a nucleic acid including an antisense
oligonucleotide, siRNA, shRNA or a locked nucleic
acid, which inhibits the function of miR-4453.

4. The use according to claim 1, wherein the inhibitory
substance is a nucleic acid including an antisense
oligonucleotide, siRNA, shRNA or a locked nucleic
acid, which targets the whole or a part of the nucle-
otide sequence represented by GAGCUUGGUCU-
GUAGCGGUU (SEQ ID NO: 1).

5. The use according to claim 1, wherein the inhibitory
substance is a nucleic acid including an antisense
oligonucleotide, siRNA, shRNA or a locked nucleic
acid, which consists of the nucleotide sequence rep-
resented by AACCGCTACAGACCAAGCTC (SEQ
ID NO: 2).

6. A pharmaceutical composition comprising an inhib-
itory substance against miR-4453 for use in a meth-
od of:

(i) treating hepatitis B virus infection; or

(i) treating or alleviating a disease caused by
hepatitis B virus infection, wherein the disease
is hepatitis B, hepatic fibrosis, chronic hepatitis,
cirrhosis or liver cancer.
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7. The pharmaceutical composition for use according
to claim 6, wherein the inhibitory substance is a gene
therapy agent.

8. The pharmaceutical composition for use according
to claim 6 or 7, wherein miR-4453 consists of the
nucleotide sequence represented by GAGCUUG-
GUCUGUAGCGGUU (SEQ ID NO: 1).

9. The pharmaceutical composition for use according
to claim 6 or 7, wherein the inhibitory substance is a
nucleic acid including an antisense oligonucleotide,
siRNA, shRNA or a locked nucleic acid, which inhib-
its the function of miR-4453.

10. The pharmaceutical composition for use according
to claim 6 or 7, wherein the inhibitory substance is a
nucleic acid including an antisense oligonucleotide,
siRNA, shRNA or a locked nucleic acid, which tar-
gets the whole or a part of the nucleotide sequence
represented by GAGCUUGGUCUGUAGCGGUU
(SEQ ID NO: 1).

11. The pharmaceutical composition for use according
to claim 6 or 7, wherein the inhibitory substance is a
nucleic acid including an antisense oligonucleotide,
siRNA, shRNA or a locked nucleic acid, which con-
sists of the nucleotide sequence represented by
AACCGCTACAGACCAAGCTC (SEQ ID NO: 2).

Patentanspriiche

1. Verwendung einer Zusammensetzung, die eine
hemmende Substanz gegen miR-4453 umfasst, um
die Replikation des Hepatitis-B-Virus in vitro zu hem-
men.

2. Verwendung nach Anspruch 1, wobei miR-4453 aus
der Nukleotidsequenz besteht, die durch GAGCU-
UGGUCUGUAGCGGUU (SEQID NO: 1)dargestellt
wird.

3. Verwendung nach Anspruch 1, wobei die hemmen-
de Substanz eine Nukleinsaure ist, die ein Antisen-
se-Oligonukleotid, siRNA, shRNA oder eine blo-
ckierte Nukleinsaure beinhaltet, die die Funktion von
miR-4453 hemmt.

4. Verwendung nach Anspruch 1, wobei die hemmen-
de Substanz eine Nukleinsaure einschlielich eines
Antisense-Oligonukleotids, einer siRNA, shRNA
oder einer blockierten Nukleinsaure ist, die auf die
gesamte oder einen Teil der Nukleotidsequenz ab-
zielt, die durch GAGCUUGGUCUGUAGCGGUU
(SEQ ID NO: 1) dargestellt wird.

5. Verwendung nach Anspruch 1, wobei die hemmen-
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de Substanz eine Nukleinsaure ist, die ein Antisen-
se-Oligonukleotid, siRNA, shRNA oder eine blo-
ckierte Nukleinsaure beinhaltet, die aus der Nukle-
otidsequenz besteht, die durch AACCGCTACA-
GACCAAGCTC (SEQ ID NO: 2) dargestellt wird.

Pharmazeutische Zusammensetzung, umfassend
eine hemmende Substanz gegen miR-4453 fir die
Verwendung in einem Verfahren zum:

(i) Behandeln einer Hepatitis-B-Virusinfektion;
oder

(i) Behandeln oder Lindern einer durch Hepati-
tis-B-Virusinfektion verursachten Krankheit, wo-
bei die Krankheit Hepatitis B, Leberfibrose,
chronische Hepatitis, Zirrhose oder Leberkrebs
ist.

Pharmazeutische Zusammensetzung fir die Ver-
wendung nach Anspruch 6, wobei die hemmende
Substanz ein Gentherapiemittel ist.

Pharmazeutische Zusammensetzung fir die Ver-
wendung nach Anspruch 6 oder 7, wobei miR-4453
aus der Nukleotidsequenz besteht, die durch GAG-
CUUGGUCUGUAGCGGUU (SEQ ID NO: 1) darge-
stellt wird.

Pharmazeutische Zusammensetzung fir die Ver-
wendung nach Anspruch 6 oder 7, wobei die hem-
mende Substanz eine Nukleinsaure ist, die ein An-
tisense-Oligonukleotid, siRNA, shRNA oder eine
blockierte Nukleinsaure beinhaltet, die die Funktion
von miR-4453 hemmt.

Pharmazeutische Zusammensetzung fir die Ver-
wendung nach Anspruch 6 oder 7, wobei die hem-
mende Substanz ein Antisense-Oligonukleotid, eine
siRNA, shRNA oder eine blockierte Nukleinsaure ist,
die auf die gesamte oder einen Teil der Nukleotid-
sequenz abzielt, die durch GAGCUUGGUCUGU-
AGCGGUU (SEQ ID NO: 1) dargestellt wird.

Pharmazeutische Zusammensetzung fir die Ver-
wendung nach Anspruch 6 oder 7, wobei die hem-
mende Substanz ein Antisense-Oligonukleotid, eine
siRNA, shRNA oder eine blockierte Nukleinsaure ist,
die aus der Nukleotidsequenz besteht, die durch
AACCGCTACAGACCAAGCTC (SEQ ID NO: 2)
dargestellt wird.

Revendications

1.

Utilisation d’'une composition comprenant une subs-
tance inhibitrice contre miR-4453 pour inhiber la ré-
plication du virus de I'hépatite B in vitro.

10

15

20

25

30

35

40

45

50

55

2,

10.

Utilisation selon la revendication 1, dans laquelle
miR-4453 est constitué de la séquence nucléotidi-
que représentée par GAGCUUGGUCUGUAGCG-
GUU (SEQ ID NO : 1).

Utilisation selon la revendication 1, dans laquelle la
substance inhibitrice est un acide nucléique compre-
nant un oligonucléotide antisens, un siARN, un
shARN ou un acide nucléique verrouillé, qui inhibe
la fonction de miR-4453.

Utilisation selon la revendication 1, dans laquelle la
substance inhibitrice est un acide nucléique compre-
nant un oligonucléotide antisens, un siARN, un
shARN ou un acide nucléique verrouillé, qui cible la
totalité ou une partie de la séquence nucléotidique
représentée par GAGCUUGGUCUGUAGCGGUU
(SEQID NO : 1).

Utilisation selon la revendication 1, dans laquelle la
substance inhibitrice est un acide nucléique compre-
nant un oligonucléotide antisens, un siARN, un
shARN ou un acide nucléique verrouillé, qui est
constitué de la séquence nucléotidique représentée
par AACCGCTACAGACCAAGCTC (SEQ ID NO :
2).

Composition pharmaceutique comprenant une
substance inhibitrice contre miR-4453 destinée a
étre utilisée dans un procédé de :

(i) traitement de linfection par le virus de I'hé-
patite B ; ou

(ii) traitement ou de soulagement d’'une maladie
causée par une infection parle virus de I'hépatite
B,

la maladie étant I'hépatite B, la fibrose hépatique,
I’'hépatite chronique, la cirrhose ou le cancer du foie.

Composition pharmaceutique a utiliser selon la re-
vendication 6, dans laquelle la substance inhibitrice
est un agent de thérapie génique.

Composition pharmaceutique a utiliser selon la re-
vendication 6 ou 7, dans laquelle miR-4453 est cons-
titué de la séquence nucléotidique représentée par
GAGCUUGGUCUGUAGCGGUU (SEQ ID NO : 1).

Composition pharmaceutique a utiliser selon la re-
vendication 6 ou 7, dans laquelle la substance inhi-
bitrice est un acide nucléique comprenant un oligo-
nucléotide antisens, un siARN, un shARN ou un aci-
de nucléique verrouillé, quiinhibe la fonction de miR-
4453.

Composition pharmaceutique a utiliser selon la re-
vendication 6 ou 7, dans laquelle la substance inhi-
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bitrice est un acide nucléique comprenant un oligo-
nucléotide antisens, un siARN, un shARN ou un aci-
de nucléique verrouillé, qui cible la totalité ou une
partie de la séquence nucléotidique représentée par
GAGCUUGGUCUGUAGCGGUU (SEQ ID NO : 1).

Composition pharmaceutique a utiliser selon la re-
vendication 6 ou 7, dans laquelle la substance inhi-
bitrice est un acide nucléique comprenant un oligo-
nucléotide antisens, un siARN, un shARN ou un aci-
de nucléique verrouillé, qui est constitué de la sé-
quence nucléotidique représentée par AACCGCTA-
CAGACCAAGCTC (SEQ ID NO : 2).
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Fig. 2
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Fig. 4
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Fig. 5
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Fig. 7
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Fig. 8
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Fig. 9
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Fig. 10
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Fig. 11
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Fig. 12
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Fig. 13
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